Objectives-To obtain further information on the incidence of injuries and playing positions aVected in club rugby in Scotland. Methods-Routine reports of injury (permanent) and blood (temporary) replacements occurring in competitive club rugby matches by referees to the Scottish Rugby Union during seasons 1990-1991 to 1996-1997 were analysed. Results-A total of 3513 injuries (87 per 100 scheduled matches) and 1000 blood replacements (34 per 100 scheduled matches) were reported. Forwards accounted for 60% of the injury and 72% of the blood replacements. Flankers and the front row were the most commonly replaced forwards while wing and centre three quarters were the most vulnerable playing positions among backs. The incidence of injury replacements increased as the match progressed up until the last 10 minutes when the trend was reversed. Blood replacements showed a diVerent pattern with 60% occurring during the first half of the match. Conclusion-The most important finding of the study was reliability of referees in documenting the vulnerability of certain playing positions, and the timing when injuries took place, thus assisting coaches and team selectors when choosing replacement players for competitive club and representative rugby matches. This study re-emphasises the need for continuing epidemiological research. (Br J Sports Med 2001;35:34-37) 
During the 1970s, rugby union was criticised by the media alleging an increase in aggressive and deliberately dangerous play. Numerous clinical and epidemiological studies of rugby injury were subsequently reported from the British Isles 1-5 and overseas, [6] [7] [8] [9] [10] identifying an apparently greater incidence and severity of injury and the vulnerability of certain playing positions, in particular front row forwards.
The Scottish Rugby Union (SRU) led the way in the British Isles, following the introduction of competitive club rugby based on national leagues in Scotland in 1973, with a series of research projects which collected information about the nature, incidence, and causes of injury in an eVort to enhance prevention and treatment. These studies included establishing the first national coordinated survey on injuries occurring during competitive club rugby 11 in Scotland, reviewing the accident and emergency department records of all injured players in the Scottish Borders during the season 1990-1991 (H J Vander Post, personal communication), and encouraging clubs to report to the SRU all players admitted to hospital or dying as a result of playing or practising rugby. More recent epidemiological studies established jointly with Edinburgh University Department of Public Health Sciences reviewed injuries occurring in adult and school boy rugby in the Scottish Borders and Edinburgh schools. 12 A further initiative was established in 1988-1989 when referees were asked to record all replacements made for injured players during club matches in the competitive leagues. This paper reports the findings from this study, which we believe to be unique, reviewing 3513 injury and 1000 blood replacement reports over seven seasons of Scottish Rugby (1990-1991 to 1996-1997) .
Materials and methods
In the season 1988-1989, rugby referees in Scotland were required to notify the SRU of any player who had to leave the field as the result of injury or other "medical" reason-for example, hypothermia-for whom a replacement player was permitted. The quality of recording replacements was improved in the season 1990-1991 by the introduction of a redesigned prepaid postal match result card on which the referee could also record the playing position of the injured player and the time during the match that the replacement took place (fig 1) . The number of players per team who could be replaced because of injury increased from three in 1990-1991 to four in 1995-1996. In addition, during 1993-1994, the laws of rugby also permitted temporary replacement for the treatment of players who were bleeding. Their position and time of injury were similarly recorded. With eVect from November 1996, substitutes were permitted in rugby union for tactical reasons as well as replacements for injury, bleeding, or illness. As a result, the value of referee replacement reports in monitoring the occurrence of rugby injuries was diminished. Referees continued to report temporary blood replacements for a further season until the end of 1996-1997 but this has subsequently been discontinued.
The data presented are purely descriptive, without any formal statistical analysis. To make replacement rates comparable, they are summarised as replacements per 100 scheduled matches, or, when reporting on specific playing positions, as replacements per player per 100 scheduled matches. This allows for the fact that the reporting of injury and blood replacements does not span exactly the same seasons, that the number of matches per season varies, and that the diVerent positions have one or two players per team (and hence two or four players per match).
Results
Reports on 3513 injury replacements (87 per 100 scheduled matches) and 1000 temporary blood replacements (34 per 100 matches) were received by the SRU from referees of competitive club matches during the seven seasons 1990-1991 to 1996-1997. The number of reports of injury replacements increased from 410 in 1990-1991 (64 per 100 matches) to 554 in 1994-1995 (87 per 100 matches), when up to three replacements were permitted per match for each team. The total number of injury replacements increased to 989 in 1995-1996 (116 per 100 matches) when the number of replacements permitted had been increased to four per team and the playing season extended. Reports of temporary replacement of players because of bleeding varied from season to season, peaking at 1990-1997 1990-1991 1991-1992 1992-1993 1993-1994 1994-1995 1995-1996 1996-1997 Figure 3 Injury (1990 Injury ( -1995 and blood (1993) (1994) (1995) Of the 3513 injury replacements, 2112 (60%) involved forwards and 1390 (40%) backs; in 11 reports no playing position was identified. In every season, forwards were consistently injured more often than backs (interseasonal range 57-65%) even allowing for the 8:7 excess of forwards over backs. This pattern was even more apparent for the 1000 blood replacements, of whom 72% were forwards (interseasonal range 69-76%) (table 1).
Flankers (3.9 per individual player per 100 matches) followed by prop forwards (3.4) were the playing positions most often replaced as a result of injury. Among backs, wing (2.6) and centre three quarters (2.5) predominated. Full back (2.3), stand oV (2.4), and scrum half (2.4) were the least commonly replaced players, although the replacement rates were very similar for all back positions. Flankers (1.8 per player per 100 matches) and the Number 8 (1.7), all in the back row of the scrum, were the players most often requiring attention to bleeding wounds, followed by each of the other forward positions. Scrum half (1.2) and centre three quarters (0.7) were the backs most commonly aVected (table 2) .
Injury incidence increased as the match progressed up to the last 10 minutes, when the trend was reversed (fig 2) . In the 3509 instances when the time of an injury was specified, 1068 (30%) occurred during the first half of the match and 2441 (70%) in the second half.
Blood replacements showed a diVerent pattern, with 598 (60%) of bleeding injuries occurring during the first half of the match decreasing to 402 (40%) in the second half (fig 2) .
While the incidence of injury and bleeding replacements did not vary substantially throughout the season, there was a notable decrease in the number of injury replacements, in particular during the later weeks of the season (fig 3, table 3 ).
In the first five seasons (1990-1991 to 1994-1995) a total of 2524 injury replacements were reported by referees, with the greatest number recorded in division V (434) followed by division II (404), division IV (402), division III (392), and division I (340). The lowest incidence of reports was in divisions VI and VII (table 3) where the availability of replacement players was less likely. This distribution was less clear in the seasons after the changes in the number of replacements permitted per team (from three to four) and in the format of competitive club rugby in Scotland during season 1995-1996.
Comparison of blood replacement reports by divisions during seasons 1993-1994 and 1994-1995 and later seasons 1995-1996 and 1996-1997 similarly indicated a smaller number being used in lower divisions.
Discussion
Every epidemiological surveillance system has individual advantages and disadvantages, with under-reporting a consistent feature. In this unique study using routine referee reporting, compliance was almost 100% because of their requirement to complete result cards and forward them to the SRU after every championship match. Any shortfall was attributed to reports being telephoned in lieu of written completion of a card. In addition, the data obtained from routine reports was inexpensive and straightforward to administer. The disadvantage was its failure to obtain information with regard to the phase of play and the nature and cause of the injury sustained as well as being limited to first XV teams playing in the senior leagues of club rugby in Scotland.
In the season 1995-1996, the format of competitive rugby in Scotland was changed from the previous structure of seven divisions each including 14 clubs (a total of 98 clubs) to four premiership divisions each of eight clubs and seven national leagues each of 10 clubs, thus increasing the total number of clubs involved in competitive rugby to 102. As a result the comparison of the frequency of replacements at diVerent levels of competitive rugby was thereafter more diYcult to undertake.
This study identified that 50% of injury replacements occurred in the six matches played in September and October, the first two months of the season. The remaining matches in the league competitions were spread out during the rest of the season. Garraway and Macleod 12 showed that injuries were most common during the first two months of the season, quoting a period prevalence of 15.2 per 1000 playing hours, amounting to 60% of all injuries which occurred in the season, compared with 12.3% in March and April. Similar early season injury patterns have been reported including a South African analysis of injuries in school boy rugby. 8 The number of temporary and permanent injury replacements reported at diVerent levels of rugby nevertheless suggest that, although there is a greater incidence of injuries in the upper echelons of Scottish rugby, this is not a major feature. Although a full complement of replacement players is less likely to be a feature at lower levels of competitive rugby, a degree of under-reporting by referees in the lower leagues must also be borne in mind.
The observed decrease in the number of injury replacements during the last 10 minutes of matches can reasonably be attributed to no further replacements being available and/or injured players playing on with only a few minutes of a match remaining. Similarly a reduced availability of replacements for bleeding injuries during the later stages of a match would not be entirely unexpected.
In addition to confirming the feasibility of this approach to analysing rugby injuries, perhaps the second most important finding from the study was to show once again the incidence of injury among certain playing positions, in particular the flankers and front row forwards, thus assisting team coaches and selectors when choosing the replacements most likely to be required for injured players. It is not surprising that bleeding injuries more or less followed a similar pattern. In eVect, the use of up to 87 permanent replacements for injuries per 100 scheduled matches and 38 temporary replacements for bleeding injuries was remarkably low, before the law changes in the game of rugby entitling the use of replacements for tactical reasons.
There remains a continuing need for further epidemiological studies into the incidence, distribution, and nature of injuries in rugby union, 12 13 along with the establishment of properly funded case registers reporting key injuries. 14 The referee in rugby union has an increasingly wide range of responsibilities because of the complex nature of the laws of the game. It is becoming increasingly diYcult for the referee to maintain an accurate record of replacements of players for injury or tactical reasons as a result of recent law changes. It is suggested therefore that a touch judge, or fourth oYcial in those matches where one was available, could record the timing and position of injured or bleeding players, adding this information to the referee's report card at the end of a match. This invaluable source of epidemiological information would therefore not be lost as a research tool and perhaps could be developed further at representative and international level.
We thank the SRU and their referees for their support and assistance throughout the period of the study. Our thanks are also due to Mrs Derena Ritchie for typing the manuscript. 
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LETTERS TO THE EDITOR

The ups and downs of high altitude mountaineering
The "get up and get down" philosophy of mountaineering has become an increasingly popular practice among enthusiasts who are either pitting their physical attributes against the stopwatch or, as Messner would maintain, merely limiting their time spent in the "death zone". Perhaps the most astonishing feat of all was achieved during an Italian expedition to Mt Everest in May 1996 when Hans Kammerlander summited via the North Col in a record time of 17 hours and then descended to basecamp on skiis! However, although extending the envelope of human endurance, the risks inherent in such an extreme sport simply cannot be ignored.
For example, research in our laboratory has recently indicated a pronounced increase in metabolic biomarkers of free radical and skeletal muscle damage at 5100 m due primarily to the oxidative and reductive stress imposed by physical exercise and environmental hypoxia respectively. We have also incriminated free radicals in the pathophysiology of acute mountain sickness and endothelial dysfunction at high altitude.
2 Thus, when one considers the average hourly ascent rates by Sharp and Kammerlander of about 611 m and about 215 m respectively compared with the more leisurely 12-30 m typically encountered during a Himalayan expedition, the potential for suVering at the hands (or more appropriately electrons!) of these ubiquitous biomolecules is all too apparent. Free radical generation may be further compounded during a rapid as opposed to a steady controlled descent because of the mechanical trauma of eccentric muscle contractions and greater increase in arterial pO 2 implicit in reoxygenation injury.
But how do these mountaineers achieve such remarkable feats and survive to tell the tale when others falter even at the slightest whiV of hypoxia? The fact that Professor Sharp was eVectively a native highlander at the time of his record suggests that acclimatisation may have conferred at least some protection. Or perhaps he is one of the genetically gifted with the I allele of the ACE gene recently associated with improved performance at high altitude?
3 While this remains a riddle wrapped in a mystery inside an enigma, it would seem wise counselling to ensure that those antioxidants are packed before visiting one of nature's wonders! DAMIAN 
Professionalism and injuries in rugby union
EDITOR,-Garraway et al 1 are to be congratulated on their meticulous investigation of the incidence of rugby injuries.
Rugby has a very high incidence of injuries. Garraway et al state: "An injury episode occurred in a professional team for every 59 minutes of competitive play"-that is, one serious injury among 30 professional players every 59 minutes. Of greater concern is the fact that Garraway et al reported two neck dislocations, one of which resulted in permanent neurological damage, in this recent paper compared with nil in the earlier one. The question of rugby injuries is an emotive one and I have been concerned, over the years, with the incidence of severe injuries causing tetraplegia. The fact that professional players are suVering a greater number of injuries was apparent from my own researches in 1984 3 on 67 patients with tetraplegia whom I treated. I followed this up in 1992 4 and 1994 5 and found that there was a direct correlation between the standard of play, the fitness of the player, and the number of injuries. My findings suggested that greater skill does not provide protection, as six of the players injured were first class players and there are only about 2000 such players in England compared with a total of 400 000 players at all standards. The large number of injuries sustained on tours supports the view that the stronger and fitter the player, the greater the likelihood of an injury occurring.
The analogy with vehicle accidents is striking, whereby the forces involved and the speed of deceleration are the major factors in determining the severity of the injury. This is confirmed in the first class game where the players run faster and are bigger and heavier and impact with greater force. Schneider 6 made a separate study of this among American players. He found that 141 serious injuries occurred among 780 000 high school football players, 34 among 70 000 university footballers, and 14 among 4500 professional players, whereas, in Sandlot football, an unskilled form of the game (where players do not wear protective clothing!), 26 injuries occurred among 1 645 000 players. He concluded that unskilled players do not play as hard as highly skilled or professional athletes and that the greater degree of force and skill exaggerates the likelihood of injury.
Garraway et al 1 say "where valid comparisons can be made, it appears that professional rugby union produces higher injury rates than professional rugby league." This is not in accord with my earlier findings. It has been suggested that rugby league is a much safer game as the ruck and maul have been abolished. However, the incidence of injury is four players out of 26 000 with broken necks for rugby league versus five players out of 500 000 for rugby union, which does not support this claim. 
EVectiveness of stretching to reduce injury
There appears to be a conflict of ideas in two of the leaders in the October issue of the journal. Reid and McNair 1 state on page 322 that "it is important for rowers to include hamstring stretches in their training programmes", their argument being that stiVness of the hamstrings would prevent pelvic rotation and increase the likelihood of back pain. Shrier, 2 however, demonstrates that there is no evidence that stretching before exercise reduces injury.
May I suggest that these views are not necessarily incompatible. Firstly, it would seem to me that there may be a diVerence between stretching abnormally tight tissues into a normal range of motion as opposed to stretching normal tissues into an excessive range. Is this diVerence specified in the studies of the eVects of stretching on injury prevention referred to by Shrier? Perhaps it is a semantic quibble, but what is stretching? Secondly, Reid and McNair illustrate the concept of the kinetic chain. Did the studies of the ineVectiveness of stretching look at stretching one link in the kinetic chain to reduce injury elsewhere or were they concerned with merely local eVects? a neurological examination will find this concise American text a useful addition to the practice library, as an easily understood reference source.
The book is primarily written for medical students, and achieves this aim as it is an excellent introductory text. It contains numerous practical tips for carrying out a thorough neurological examination in one excellent chapter. Fortunately, the text also contains many shortened or modified versions of aspects of the full examination, which will allow the physician or student to identify significant abnormalities, and then apply the findings appropriately. Challenges are set throughout the book, such as "Where's the lesion?", and discussion of case histories provides practical and applicable examples of application of the examination and accurate diagnosis. The format of these case histories is rather confusing initially, but a little persistence enables the reader to learn a great deal from their application.
Common neurological disorders are covered broadly, but not in much depth, as the title of the book suggests. There is good coverage of new drugs and therapies for multiple sclerosis and Parkinson's disease for those doctors who may have fallen behind the rapid advancement of neurological treatments. I must say that I liked this book. In a most logical and readable fashion it set about what can be a rather dour, but yet most clinically important topic. Opening chapters on the normal tendon and the etiology of tendinitis were followed by more clinically and exercise related areas. Initial graphs and diagrams were simple and clear but some of the later clinical illustrations could have been improved by the use of photographs or colour. The renowned authors combine well to use their obvious clinical experience to give a balanced viewpoint of both conservative and surgical treatments, with the emphasis being on rehabilitation. All treatment options are assessed and the evidence for their choice is given. Throughout, any statements are backed up by suitable references and with suggestions for further reading.
Analysis
The clinical chapters cover common presentations-Achilles, jumper's knee, humeral epicondylitis-and take the reader logically through pathology, etiology, diagnosis, and treatment. The book finishes with an outline of the eccentric exercise programme used in the authors' Nova Scotia Sports Medicine Clinic and analyses its application.
At 140 pages, this book is concise and therefore easily readable. Although the title does not mention exercise or sport, throughout the book there are many references to the athlete. All in all, this is an excellent book which will be of benefit to any sports or musculoskeletal practitioner. In reviewing this book, I was first struck down by the American terminologies, then bogged down by too much information in uninterrupted essay format for two chapters ("Sprains and soft tissue injuries" and "Subtalar injuries"). There was a vast amount of very relevant comprehensive information contained in these sections-for example, diVerent x ray views to request to visualise specific problems, but sadly it was diYcult to access in essay format. This was let down the book as a whole, as the last two chapters ("Arthroscopic treatment of Osteochondral lesions and soft tissue impingements" and "Nerve injuries to lateral leg and ankle") were excellently laid out with clear, helpful information for all sports physicians. They were also very well illustrated, including a flow chart for chronic ankle pain management. I know I am a simple ex GP in sports medicine but, with limited time to read books, I like clear headings, major points highlighted, and tables to compliment the text. I also like pictures; the illustrations in the first two chapters did little, if anything, to clarify the text (reduced size, unclear, black and white anatomy specimen photographs).
Although this book, I think, is aimed at orthopaedic surgeons, it has certainly increased my knowledge and enthusiasm to see chronic ankle problems and I would recommend that anyone serious about sports medicine consider it as a reference book for those diYcult ankle problems. If only the authors in the latter part had edited the first two chapters. The BASEM 2001 congress committee invite submissions of abstracts for the presentation of short papers and posters. All abstracts will be peer reviewed externally and anonymously and those selected may be published in BJSM. Awards will be presented including the BASEM Young Researchers Award, presented to the best paper from an author less than 10 years qualified. Those not selected for oral presentation will be invited to present a poster, or poster only presentations may also be submitted. There will be a poster award presented. It will allow the holder to spend two weeks in a medical centre of excellence in the United States. Receipted expenses, including the airfare, will be awarded to a maximum of £2000.
Analysis (chapters 1 & 2)
The Blood replacements
CORRECTION
We regret that figure 2 was omitted from a recent article (BJSM 2001;35:34-7). The figure is reproduced here and we apologise to the authors and readers for this error.
